Noncovalent functionalization of two-dimensional graphene analogues for biomedical applications by 彭健
  
学校编码：10384                             分类号        密级        








Noncovalent functionalization of two-dimensional graphene 




指导教师姓名：翁 建 教授 
             孙莉萍 副教授 
    专  业 名 称：高分子化学与物理 
论文提交日期：2016 年   月 
论文答辩时间：2016 年   月 
学位授予日期：2016 年   月   
              答辩委员会主席：                
              评    阅    人：             















Noncovalent functionalization of 





A Dissertation Submitted to the Graduate School in Partical 































另外，该学位论文为(                            )课题(组)
的研究成果，获得(               )课题(组)经费或实验室的资助，




























(     )1.经厦门大学保密委员会审查核定的保密学位论文，于  
年  月  日解密，解密后适用上述授权。 






声明人(签名)：       





































































































































Biocompatible two-dimensional (2D) graphene analogues (e.g., transition metal 
dichalcogenides nanosheets, g-C3N4, Bi2Se3, phosphorene, etc.), which are referred to 
as 2D-GAs, have emerged as a new unique family of nanomaterials that show 
unprecedented advantages and superior performances in biomedicine due to their 
unique compositional, structural and physicochemical features. Preparation, 
functionalization and biomedical application of 2D-GAs are hot topics, have attracted 
extensive attention from scientists of various fields include materials, physics, biology, 
medical. 
The thesis focused on the noncovalent functionalization of three kinds of 
2D-GAs: Bi2Se3, MoS2 and phosphorene and their application in nanobiomedical field. 
The major explored issues of the thesis are outlined as follows: 
Firstly, we investigated the surface functionalization of few-layer Bi2Se3 and its 
application in preventing amyloid beta aggregation. Few-layer Bi2Se3 was exfoliated 
in aqueous solution of hemin. Then we separated few-layer Bi2Se3 with different sizes 
and thicknesses by fractional centrifugation, and investigated their inhibition effect on 
Aβ1-42 aggregation. The fluorescence spectra results show that smaller and thinner 
few-layer Bi2Se3 had higher inhibition efficiency than that of larger and thicker one, 
which was further confirmed by Transmission electron microscope (TEM), atomic 
force microscope (AFM) and dynamic light scattering (DLS) mesurements. Analysis 
of the interaction between few-layer Bi2Se3 and Aβ1-42 monomer by cyclic 
voltammograms, circular dichroism (CD) spectrum and microbalance methods 
indicates that the significant inhibitory effect was due to the high adsorption capacity 
of few-layer Bi2Se3 for Aβ1−42 monomer. In vitro neurotoxicity studies under 
physiological conditions show that few-layer Bi2Se3 could decrease Aβ-mediated 
peroxidase-like activity and cytotoxicity. Therefore, our work extends the potential 
















Secondly, functionalization of few-layer MoS2 and its application for 
electrochemical cell biosensor are explored. First, we use folic acid (FA) to exfoliate 
few-layer MoS2 in aqueous solution to produce few-layer MoS2 stabilized by FA 
(MoS2/FA) by a one-pot method. Secondly, we fabricated MoS2/FA-modified gold 
electrode (AuE/MoS2/FA) and use the impedance change resulting from the 
interaction of AuE/MoS2/FA and cancer cells for cancer cell testing. The results 
indicate AuE/MoS2/FA can sensitively detect HeLa cells. The linear range for HeLa 




 with a 
detection limit of 1 cell mL
-1
. Experimental results have shown that AuE/MoS2/FA 
can also recognize other folate receptor-rich cancer cells, such as MCF-7, MG-63 and 
SMMC-7721 cells. Furthermore, the biosensor also shows good selectivity for folate 
receptor-rich cancer cells. We also prepared FA-stablized other 2D-GAs (WS2/FA, 
graphene/FA and Bi2Se3/FA). The cancer cell detection efficiency of the 2D-GAs is in 
the following order: MoS2/FA, WS2/FA, grapheme/FA and Bi2Se3/FA, indicating the 
high sensitivity of AuE/MoS2/FA is attributing to the intermediate conductivity. 
Finally, the proposed biosensor is applied to detecte clinic samples. The result 
indicates AuE/MoS2/FA could selectively recognize samples of cancer patients.  
Thirdly, hybrids 2D-GAs and graphene were prepared by using GO as a 
stabilizer, and the application of hybrids in intrinsic peroxidase-like activity and 
gluocose biosensor were investigated. Hybrids of 2D-GAs and graphene are mainly 
prepared by chemical vapor deposition method, suffer from low yield, critical 
preparation conditions and could not be used in aqueous solution. Firstly, a hybrid of 
MoS2 and graphene oxide (GO) (MoS2/GO) is prepared by a one-pot 
liquid-phase-exfoliation process by using GO and bulk MoS2 as raw materials. The 
exfoliated MoS2 by ultrasound waves is stabilized by amphiphilic GO in aqueous 
solution. The size of GO plays an important role in tuning the structure of MoS2/GO. 
Ultraviolet–visible absorption spectrum, DLS, scanning electron microscope, TEM 
and AFM are used to characterize the structure of MoS2/GO produced by fractional 
centrifugation after exfoliation of MoS2 in GO suspension. The results indicate that 
















this preparation method can also be used to prepare the hybrids of GO and other 
two-dimensional materials. Secondly, an intrinsic peroxidase-like activity of MoS2 
and graphene oxide (MoS2/GO) hybrid is demonstrated and the hybrid is also used to 
detect glucose with high sensitivity. The results show that the hydrid has highest 
catalytic activity and the Michaelis constant of this hybrid is 4.35 times lower and the 
maximal reaction velocity is 3.34 times higher than those of horseradish peroxidase, 
respectively. Electrochemical technologies are used to investigate the enhancing 
mechanism. The results show that the excellently catalytic performance could be 
attributed to the fast electron transfer on the surface of MoS2/GO and the synergistic 
interaction of two components. Thirdly, effect of visible light and near-infrared light 
on the peroxidase-like activity of hybrid is also investigated. The results show that 
visible light and near-infrared light could both enhance the peroxidase-like activity of 
MoS2/GO. The limit of detection for H2O2 can be reduced from 10 nM to 2.5 nM with 
visible light. Finally, the hybrid is further used to detect glucose in serum with and 
without light. The results show that the hybrid has high selectivity and sensitivity for 
glucose detection in serum and the limit of detection for glucose is reduced from 0.83 
μM to 65 nM with visible light. Therefore, the hybrid may have a potential application 
in glucose detection in serum with high sensitivity and selectivity. 
Finally, the instability of black phosphorus (BP) was investigated and 
demonstrated to have a potential application in biosensor. Here, high efficiently 
reducing yellow 4-nitrophenol to colorless 4-aminophenol by gold nanoparticles/BP 
(BP-Au) hybrid was used to detect cancer biomarker with colorimetry. Firstly, BP-Au 
hybrid was facilely synthesized by simply mixing Au precursor with BP, serving as 





) and low activation energy (17.53 kJ mol
-1
) for reducing 4-nitrophenol, which is 
attributed to the synergistic interaction of gold nanoparticles and BP, and rich 
electrons of BP. Secondly, the catalytic activity of BP–Au could be reversibly 
switched from ―inactive‖ to ―active‖ upon treatment with antibody and antigen in 
solution, thus providing a powerful and versatile basis for label–free colorimetric 
detection of biomarkers. The sensor shows a wide detection range (1 pg mL
-1


















), high sensitivity (0.20 pg mL
-1
, signal-to-noise ratio is 3) and selectivity for the 
carcinoembryonic antigen (CEA). Finally, the biosensor was used to detect CEA in 
colon and breast cancer serum samples with satisfactory results. Notably, the 
suggested detection mechanism was supported by electrochemical impedance 
spectroscopy, BCA protein assay and microbalance. 
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